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ANTIVIRAL PHOSPHORUS DERIVATIVES OF 4 * -THIO-5-ETHYL-2 * -DEOXYURIDINE 

FIELD OF THE INVENTION 

The present invention relates to novel inhibitors and, more specifically, to novel 4'-thio-5-ethyI- 
2'-deoxyuridine 5-phosphonates. which inhibit the reproduction of the human Herpes viruses (HSV- 
I, HSV-2, TK' HSV-1), Human Cytomegalovirus (HCMV) and Vaccinia virus (W) in cell cultures. 

BACKGROUND OF THE INVENTION 

Known in the an are various compounds inhibiting the reproduction of the human Herpes 
viruses (HSV). The compounds known as TEDU (4'-thioo-ethyI-2'-deoxyuridine) (Formula I) and 
as shown below, inhibits HSV (HSV-U HSV-2) reproduction in cell cultures but it has two negative 
properties. First, TEDU has generally unacceptable toxicity in human and cell free systems with 
DNA polymerases. Second. TEDU does not inhibit thymidine kinase defective (TICHSV- 1 ) herpes 
viruses [1-3]. 



O 




OH 



(I) 
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SUMMARY OF THE INVENTION 

The present invention is directed to novel compounds exhibiting a selective inhibition of the 
reproduction of the HSV-I, HSV-2, TK" HSV, HCMV and W and which possess low toxicity. The 
present compounds are II and III of the formula as follows: 




(ID ™ 

wherein for Formula II, R=H, CONH 2 , AHcylOOC, Alkyl, HaloidalkyU dihaloidalkyis, 
trihaloidalkyls, HOCH„ AcylOCH z and wherein for Formula m, R= is as defined in Formula H and 
R*=0-alkyl, O-aminoalkyls, O-hydroxyalkyls, O-glycosyl 

These compounds of Formula II and III are capable of inhibiting the reproduction of HSV and 
are less toxic as compared to the prior art compounds. 
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DETAILED DESCRIPTION OF THE INVENTION 

Synthesis of compounds II and in can be made according to Scheme i (one arrow essentially 

corresponds to one chemical step). 



Scheme 1 





Another synthetic pathway which may be used docs not invite the preliminary protection of 
3 '-hydroxy! as set out in Scheme 2 beiow(hcre also one arrow essentially corresponds to one 
chemical step). According to Scheme 2. synthesis of compounds of Formula II and III are developed 
with essentially one chemical step starting from the compound of Formula L Selection between 
Schemes 1 and 2 generally depends on the yield of the desired compound. In some cases, the yield is 
higher when the desired compound is synthesized according to Scheme L but in another cases 
Scheme 2 produces higher yields. Yields of II and III ranged from 20-70% with schemes 1 and 1 



Scheme 2 



(H) 



(I) 



(HI) 
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The compounds according to the present invention are white amorphous powders, readily 
soluble in water, with low solubility in ethanol and dimethylsulfoxide. They have been found 
generally to be insoluble in other organic solvents. 

The purity and structure of the compounds according to the present invention were proven by 
chromatography, UV, mass- and NMR-spectroscopy. 

EXAMPLE 1 
3 "-O- Aceryl-I was synthesized according to [3]. 
Synthesis of 4Mhio-5-^thyl-2 , -deoxyuridine 5'-hydrogenphospfaonate (H, R=H) 

(Scheme 1). 



o 




PA 



To a solution of phosphite acid (51 mg, 0.8 mmoi) in water (2 ml), pyridine (3ml) and trwi- 
butylamine (148 mg, 0.8 ramol) was added. The solution was evaporated, coevaporated with pyridine 
(3x5 mi) and then with dimethylformamide (3x5 ml). The residue was dissolved in pyridine (5 ml), 
4 > -thio-5-ethyl-r-deoxy-3 '-O-acetyluridine (IV, 180 mg, 0.57 ramol) and N,N*- 
dicyciohexyicarbodiimide (800 mg, 3.8 mmol) were added. The reaction was mixed at +20 °C for 20 
h, then ice-cold water (5 mi) was added. After mixing during 1 h at +4°C the reaction was diluted 
with water (150 mi) and applied onto a DEAE-Toyopeari column (2.5 x 12 cm. HCO/ form), eludon 
was made with a linear gradient of NH4HCO3 (0 -> 0. 15M, 1 1). The fractions containing the product 
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were 



evaporated and coevaporated with waier (3x10 ml). The residue was dissolved in 25% NH 4 OH 
and kept at +4°C for 20 h. then evaporated, coevaporated with water (2x5mi). Then it was purified on 
a LiChroprep RP-I8 column (2 x 15 cm), elution was made with 0.01M NH4HCO3 to yield 120 mg 
(63%). 

UV (water) W 272nm (e 9800). 1 H'NMR (D,0), ppm, JHzz 7.77s ( 1H, H-6), 6.69 d ( 1 H, 
./„. 632. H-P), 62Sd& (1H. J 2. J 7.5, H-D, 4.52m (1H. H-3'), 3.86^.05m, (2H, 5'a, 51)), 3 J5m 
(1H, H-4'), 2.17-2.40 m (4H. 2'a. 2'b, CH,(Ura)), 1.0 1 (3H, J 7.5, CH,CH, (Ura)). 3, P-NMR (D,0) 6 
7 J2s. Mass: nVr 336 [M + -l ]. 



EXAMPLE 2 

Synthesis of 4Mhio-5-ethyl-2 , -deoxynridine5 , -«Uiojr}'carbonylpbospbonate (II, R=COOEt) 

(Scheme 2) 




To a solution of morphoiinium ethoxycarbonyiphosphonate (59.3 mg, 0.24 mmoi) in water 
Dowex 50W (Py", 0.5 ml) was added. The precipitate was filtered, washed with water (10 ml), 
pyridine (5 ml) and tri-n-butylamine (44 mg, 0.24 nunol) was added, the resulting solution was 
evaporated, coevaporated with pyridine (3x5 ml), dissolved in pyridine and 4'-thio-5-ethyl-2'- 
deoxyuridine I (54 mg, 0.2 mmol) in was added. The solution was evaporated with pyridine (3x5 ml) 
and dimethylformamide (3x5 ml). The residue was dissolved in dimethylformamide (5 ml) and then 
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N^^cyclofacxylcarfaodiinudc (124 mg, 0.6 mmol) was added, the reaction mixture was kept at 
+20°C for 20 h, then cold water (5 ml) was added After mixing for 1 h at +4°C the mixture was 
diluted with water (150 ml) and applied onto a DEAE-Toyopeari column (2 J x 12 cm, HC0 3 *-fonn), 
elution was made with a linear gradient of NH4HCO3 (0-> 0.1 5M, 1 1). The fractions containing the 
product were evaporated and coevaporated with water (3x10 ml). The residue was purified on a 
LiChroprep RP-8 column (2 x 15 cm), elution being made with a linear gradient of MeOH (0 -> 10%, 
1 1) in 0.01M NH4HCO3 to yield 35 mg (43%). 

UV (water) X max 272nm (e 9800), 1H-NMR (D 2 0), 6, ppm, J Hz: 7.77s (1H, H-6), 6.25dd 
(1H, J 2, J1X H-l'), 4.65m (1IL H-3'), 3.9-4.1m (3H* CHjCHA 5'a, 5'b), 3.55m (1H, H-4'), 237- 
2.40 m (1H, 2 T a), Z2I-2.28 m (3H, 2% CH 2 (Ura)), 1.18 dt (3H, 1.1, Joaan 7 > CE 3 CH 2 0) 9 
QSSt (3H, J 7.5, CH 3 CH 2 (Ura)). 3, P-NMR (D 2 0) 6 -3.9s. Mass: xn/z: 408 [M+]. 

EXAMPLE 3 

Synthesis of 4Mhio-5-etbyl-2 f -deoxyuridine 5'-hydrogenphosphonate (II, R=H) 

(Scheme 2) 

O 




OH 



To a solution of phosphite acid (51 mg, 0.8 mmol) in water (2 ml) pyridine (3 ml) and tri-/i- 
butylamine (148 mg, 0.8 mmol) was added. The solution was evaporated, coevaporated with pyridine 
(3x5 ml) and then with dimethylfonnamide (3x5 ml). The residue was dissolved in pyridine (5 ml), 4*- 
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thio-5-^fayl-r-deoxyundinc (h 165 mg. 0.57 nimol) and N^*^cyclob«ylcaibodiimide (800 mg, 3.8 
nanol) were added. The reaction was mixed at +20"C for 20 h, tbca ice-cold water (5 ml) was added. 
Alter mixing during 1 b at +4«C the reaction was diluted with water ( 1 50 ml) and applied onto a DEAE- 
Toyopeari column (25 x 12 cm. HCO," form), elution was made with a linear gradient of NH4HCO3 (0 
> 0.15M. 1 1). The factions containing the prodj>« were evaoorated and coevaporated "~ k n * 11 
mil The residue was purified onaL 



NH4HCO3 to yidd 90 mg (47%). 

UV (water) W 272nm (e 9800). •H'NMR (D : 0). pptn. J Hz: 7.77s ( 1H. H-6). 6.69 d (IR.J 
63LH-P).6^5dd (1H./2.J7.5. H-l). 4.52m (IH. Ho). 3.86-».05m. (2H. 5'a,5-b).3J>5m(lH.H- 
41 2.17-2.40 m (4H. 2'a. 2T>. CH^Jra)). 1.0t(3H.J7.5.Oi,CH J <Uia)). >M»-NMR (D.O) 6 72s. 
Mass: m/z: 336 (M^+l]. 



EXAMPLE 4 



Synthesis of 4'-lhio-5-ethyl-2'-deox>Tiridine 5Mtrimethylcarbonyloxymeth>iene- 

hydrogenpnospbonate) (III. R=»H) 



o 




To a solution of trimethylcarfaonyloxymethylene hydrogenphosphonate (84 mg, 0.5 mmoi) in 
Pyndine |5 ml) tri-n-butyiamine (93 mg, 0.5 mmoi) was added, the resulting solution was evaporated. 
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cocvapoiaied with pyridine (3x5 ml), dissolved in pyridine and 4*-thio-5-ethyI-2'-<ieoxyurid2ne I (108 
mg, 0.4 mmol) in was added The solution was evaporated with pyridine (3x5 ml) and 
dimethyifbnnamide (3x5 ml). The residue was dissolved in dimetbylfonnamide (5 ml) and then KN*- 
dicydobexyicarbodmnide (248 mg, 1.2 mmol) was added, the reaction mixture was kept at +2CTC for 20 
h, then cold water (5 ml) was added. After mixing for 1 h at +4°C the mixture was diluted with water 
(ISO ml) and applied onto a DEAE-Toyopeari column (2_5 x 12 cm. HCO,'-fonn). elution was made witi 
a linear gradient of NH4HCO3 (0 -> 0.15M, 1 1). The fractions containing the product were evaporated 
and coevaporared with water (3 x 10 mi). The residue was purified on a LiChroprcp RP-8 column (2 x 15 
cm), elution being made with a linear gradient of MeOH (0 -> 10%, 1 1) in 0.01 M NH4HCO3 to yield 
82J mg (49%). 

UV (water) Anax 272nm (6 9800), lH-NMR(D,0), 6,ppm,JHr 7.77s (lH,H-o), 6.69 d(lH, 
ya,63ZH-P). 6^2dd(lH. J2,y7j.H-I'), 5.63d (2H.yi4, OCH,0), 4.55m (1H,H-3*),3.8-4.1iii(2H, 
H-5'a, 5T>), 3.52m (1H. H-4'), 2J7-2.40 m (1H. H-2'a). 2J.I-12Z m (3H, 2'b, CH^Ura)), 1.18 s 
(9H.CCCH,)), 0.99t (3H, J 7.5. CH 3 CH, (Ura)). Mass: mizz 421 \M+]. 

EXAMPLES 

m 

Viral Plaque Reduction Assays. 




OH 



Antiviral assays of TL R^CJI^OOC were performed using an adaptation of the plaque i td n c oan 
assay described in [4J. Twenty- four well plates containing monolayers of MCR 5 cells (human embryo 
lung fibroblasts. ATCC CCL 171 ) were used for assay of varicella zostar vtms (VZV strain G3l\ and 
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monolayers ofVero cells (African Green monkey kidney, ATCC CCLB I ) were used for herpes simplex 

■ * 

vims type 1 (HSV-l ) strain SC16 and HSV-2 (strain 186). Monolayers were infected with virus at a 
multiplicity calculated to produce 60-80 plaques per well. Infected cells were overlaid with liquid growth 
medium containing various known concentrations of the compound under investigation, and. in the case 



HSV-l and HSV-2, carboxymethyl cellulose to prevent the formation of secondary plaques. Following a 
suitable period of incubation, plaques were fixed with formol saline and s tained , and their numbers were 
determined. For IC„ determination, a dose- re spo nse curve was obtained and from this the 50% inhibitory 
concentration (ICyJ was obtained Tables I (first testing) and 2 (second independent testing) di 
these data for different viruses. The well known antiviral drugs are shown as controls: BVDU - 5- 
biomoviny 1-2 '-deoxyuridine: ribovirim ACG - acyclovir. DHPG - gancyciovir. 



EXAMPLE 6 
ictty assay of II. R=CJLOOC 




Subconfluet cultures of Vera or MRC-5 cells were grown in 96-well microliter plates in the 
presence of different dilutions of drug. Cell numbers present at 96h (Varb) and 7 days (MRC-5) were 
estimated, on replicate cultures, using uptake of a tetrazoiium dye (MTTV The concentration required for 
a 50% inhibition of ceil growih compared to control ceil growth in the absence of compound is termed 
CClD.tr Cytotoxicity assays were performed using Vero ceils and MRC-5 cells. 
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For 50% cytoioxic concemranon (CC,^ deteinnnation. a dose-response carve was obtained. 
Tables 1 (first testing) and 2 (second independent testing) demonstrate these data for cells. The well 
known antiviral drugs are shown as controls: BVDU - 5-bromovinyl-2 •-deoxyuridine: ribovirm: ACG 
acyclovir; DHPG - gancyciovir. 

The compounds according to the present invention, viz 4 '-thio-5-ethyl-2 •-deoxyu ridine 5*- 
pta M phonam have shown to be capable of selective inhibition of the reproduction of the HSV-1 and 
HSV-2 viruses in cell cultures. It is expected that this sane selective inhibition of the r ep roductio n of 
TK" HSV- 1. HSMV and W viruses will be exhibited by the compounds of Formula II and EL It is 
expected that he compounds of Formula II and m will be effective in the treatment of these viruses, 
including prophylactic treatment. 
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We claim: 

1. 4'-Thio-5-cthyl-2'-deoxyuridinc 5'-phosphonate of die formula: 




(n> 



wherein R=fL CONH z , AlkylOOC, AlkyL Haloidalkyi, dihaloidailcyls, trifaaloidalkyi, HOCH,, 
AcylOCHj 



2. 4 -Thio-5-€thyl-2'^eoxyuridine f-phosphonate of the formula (II) of claim 1 for use in 
selectively inhibiting HSV-lHSV-2, TKHSV-l, HCMV and W: 



3. 4^Thio-5-cthyl-2'-deoxyundinc 5'-phosphonare of the formula (II) of claim 1 for use in 
the prophylactic treatment of HSV-l, HSV-2, TKHSV-1, HCMV and W. 



4. 4^Thio-5^thyI-2 '-deoxvuridine P-subsntnted 5 '-phosphorates of the formula: 




(HI) 
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wherein R-H, CONH^ AlkylOOC, AJkyl Haloidalkyi dihaioidaJkyis, trihaloidalkyi, HOCHj, 
AcyiOCHj and R'=0-aJkyU O-aminoalkyis, Ohydroxyalkyis, Ogiycosyi 



5. 4 vniio-5-cthyl-2 '-deoxyuridine P-subsntuicd 5 '-phospfaonaics of the formula (III) for use 
in selectively inhibiting HSV-l, HSV-2, TTCHSV-1 1 HCMV and W. 



6. 4'-Thio-5-ctfayl-2 '-deoxyuridine P-subsnxmcd 5-phosphonates of the formula (HI) for use 
in the prophylactic treannem ofHSV- 1 , HSV-2* TKSSV-U HCMV and W. 
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